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Abstract 
The possibility of the use of Klason lignin extracted from sunflower husks as a cathode-active material for primary lithium 
battery has been demonstrated for the first time. The chemical composition, morphological and physical features were 
characterized by X-ray energy dispersive spectroscopy, impedance spectroscopy, scanning electron microscopy, and infrared 
spectroscopy. Electrochemical behavior of Klason lignin vs. Li/Li+ was studied by galvanostatic discharge and cyclic 
voltammetry. The reaction mechanism in electrochemical system was discussed. The maximum specific capacity of Klason 
lignin amounted to 380 mAh g–1 at a current density of 25 mA g–1. 
© 2014 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the National Research Tomsk Polytechnic University. 
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1. Introduction 
Lignin is a renewable large-tonnage natural resource, which is  useless for industry at present. A lot of effort has 
been put into searching for a high-technology way of lignin application. Recently, it has been shown in 1,2 that 
lignosulfonate compounds are promising organic cathode materials for sustainable electrochemical energy sources. 
We have offered the possibility of lignin usage as an environmentally friendly cathode-active material in 3–5. Other 
researchers have investigated the electrochemical behavior of lignin derivatives as anodes for lithium batteries6,7. 
The strong points of lignin include plenty of available renewable resources at low cost. However, the suggested 
approaches are based on the use of industrial lignin – the byproduct of the chemical treatment of wood raw 
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materials. It should be noted that the composition, the structure, the morphology, and other properties of industrial 
lignin strongly depend on the precursors and technological conditions. The reproducibility of production processes 
and the standardization of physical-chemical properties are important points of the use of lignin as an electrode-
active material for lithium batteries. On the other hand, the renewed large-tonnage plant wastes of cereal crop 
treatment are effective sources of unitized lignin. 
In the present paper, we studied the electrochemical performance of Klason lignin (KL) extracted from sunflower 
husks as a cathode material for primary lithium batteries. We also estimated the possibility of the use of KL as the 
energy storage material. 
2. Experimental  
Sunflower husks (the genus Helianthus) were used as a precursor (2012 year’s harvest, Krasnodarskiy Krai, 
Russia) in the delignification process. The sample was sieved to obtain a particle size no less than 2 mm. The 
product was washed in distilled water and air-cured, and the adipose matter was scavenged. Klason lignin was 
prepared by treating the samples in 72 % solution of H2SO4 according to 8. The lignin yield was in the range of 33–
35 % with respect to the precursor mass. Before using, Klason lignin was ground in a ball mill to obtain 
heterogeneous morphology of the particles surface. 
The elemental analysis of Klason lignin was performed on an EDX-800HS (Shimadzu, Japan) spectrometer by 
energy-dispersive X-ray spectroscopy (EDX). Infrared (IR) absorption spectrum was recorded on a Spectrum BX II 
(Perkin Elmer, Germany) spectrophotometer in the range 400–4000 cm–1. The sample was pressed to the pellet with 
potassium bromide. The KL microstructure characterization by the method of scanning electron microscopy (SEM) 
was obtained using  a high-resolution S5500 microscope (Hitachi, Japan). The KL conductivity was determined by 
means of the impedance spectroscopy using an Impedance/Gain-phase analyzer SI 1260 system (Solartron, UK). 
A cathode slurry consisted of lignin powder (55 wt. %) and carbon black (15 wt. %) to insure electronic 
conductivity and polyvinilydene diflouride (30 wt. %) in N-methylpyrrolidone solution as a binder. The components 
were weighed using an AUW120D analytical balance (Shimadzu, Japan). The cathode slurry was homogenized 
using a magnetic stirrer C-MAG HS 7 (IKA, China) over 12 hours at a rate of 250 rmp/min. Thereafter, the cathode 
paste was automatically attached using an EQ-AFA-I instrument (MTI, USA) on a graphite coated (5 μm thick) 
copper current collector sheet (10 μm thick). The positive electrode sheet was vacuum dried at 60 °C over 10 hours 
in a DZF-6020-110P furnace (MTI, USA). Finally, an EQ-T06-Disc tool (MTI, USA) was utilized to cut  round 
cathode discs (1.75 cm2 area) from electrode sheet manually. The thickness of the typical dried cathode was 70 μm. 
The mass of the active material was 3–4 mg cm–2. 
A Swagelok two-electrode cell was used to test the electrochemical performance of Klason lignin versus Li/Li+. 
The thickness of the lithium metal disc anode was 0.1 mm. 1 M solution of LiBF4 salt mixed with propylene 
carbonate and dimethoxyethane at a volume ratio of 3:1 was used as an electrolyte. To prevent short circuit, a 
polypropylene separator was placed between the lithium anode and the KL cathode. The cell was assembled in an 
890-NB (Plas-Labs, USA) dry glove box in an argon atmosphere. The relaxation of system was performed for at 
least 12 hours to stabilize the cell open-circuit voltage (OCV). 
The performance of the Li/KL cell was examined at a room temperature with an Analytical Celltest System 
(Solartron, UK) consisting of a 1470E potentiostat/galvanostat and a FRA 1455 frequency response analyzer. The 
parameters were measured by a galvanostatic discharge of up to 0.005V at a current density of 25 mA g–1. We also 
calculated the specific capacity with respect to the weight of the active material. Cyclic voltammetry (CV) was 
performed at a scan rate of 0.1 mV s–1 in the range 3–0.005 V. At least six cells were used for each test condition. 
3. Results and Discussions 
The SEM data show that the KL particle size varies up to 40 μm (Fig. 1a). Heterogeneous morphology of the 
surface of each KL particle (Fig. 1b) seems to facilitate the diffusion of Li+ ions in the cathode bulk during the 
lithium battery operation. According to the EDX data, the oxygen content in Klason lignin is higher (40 wt. %) in 
comparison to hydrolytic lignin (23 wt. %), which was used as a cathode-active material in 3,4. According to the 
electrochemical reactions 3,4, the maximum specific capacity of the lithium/lignin cell depends directly on the 
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oxygen concentration. Taking this into account, KL is more promising cathode-active material in comparison with 
hydrolytic lignin. 
Fig. 2 shows the IR spectrum of Klason lignin extracted from the sunflower husks. Lignin IR bands were assigned 
according to the literature data 9,10. The intensive broad bands in the range of 2800-3600 cm–1 are associated with the 
stretching vibrations of hydroxyl groups including adsorbed water and symmetric and asymmetric C–H stretches in 
СН3, СН2, and СН groups. The range from 1740 to 1650 cm–1 is related to the stretching vibrations of C=O 
functional groups. The bands at 1608 and 1509 cm–1 occur due to symmetric and asymmetric lignin aromatic ring 
stretch. The CH3 bending in OCH3 is responsible for the peak at 1456 cm–1. Two bands at 1223 and 1269 cm–1 
correspond with the contribution from C–OH and C–O stretches in OCH3. The triplets at 1032, 1061, and 1114 cm–1 
are associated with the O–CH3 stretch and aromatic CH in plane bending. The weak intensity peaks at 830–900 cm–1 
are associated with torsional vibrations of C–H stretches. One should note that the intensity of bands and their 
correlation in the IR spectrum of lignin depend on the nature of the precursor as well as on delignification 
processes10.  
Impedance spectroscopy shows that electroconductivity of Klason lignin extracted from the sunflower amounts to 
10–9 S cm–1. Moreover, it is a common disadvantage of a number of state-of-the-art electrode-active materials. The 
electroconductive additives are normally applied to prepare the cathodes from dielectrics11,12. 
 
  
Fig. 1. SEM-images of Klason lignin extracted from sunflower husks 
 
Fig. 2. IR-spectrum of Klason lignin extracted from the husks of sunflower 
The galvanostatic discharge curve of Li/KL cell (Fig. 3) indicates that the OCV value for the cell is 3.2 V. 
However, over an hour and a half of the Li/KL operation, the voltage decreases down to 2 V due to electrolyte 
reduction and formation of the solid electrolyte interface 13,14 as well as due to occurring electrochemical reactions 
caused by the complex composition of lignin. 
On the discharge profiles of Li/KL cells, two voltage plateaus are discerned because of step-by-step 
electrochemical reactions between Li+ ions and oxygen of different functional groups of lignin. It should be 
mentioned that the experimental results are in good agreement with the published ones. For example, in 15, has been 
shown that the interactions between Li+ and С=O correspond with the plateau from 3.3 to 1.5 V while the 
participation of the hydroxyl groups in the electrochemical reaction is determined by the range below 1.5 V. Thus, 
the Li/KL specific capacities of 85 mAh g–1 in the OCV–1.5 V range is the result of the electrochemical interaction 
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of Li+ ions and carbonyl groups of Klason lignin (Eq. 1). The voltage decreases from 1.5 to 1 V within further 
discharge yielded by 20 mAh g–1 due to the reduction of the –OH groups (Eq. 2). Gaseous hydrogen was detected in 
the discharged Li/KL cells by gas chromatography. In the range below 1 V, the electrochemical reactions are 
possible between Li+ ions and С–O–C groups of are possible (Eq. 3). Furthermore,  the mechanism of interaction of 
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where (С6–С3) is a phenylpropane structural unit of lignin, R: (С6–С3); CH3. 
 
 
Fig. 3. Discharge curve recorded at a current density of 25 mA g–1 
(vs. Li/Li+) for a cathode-active material based on sunflower KL 
 
Fig. 4. The CV curve of Li/KL electrochemical cell 
The CV was carried out to discuss the mechanism of the electrochemical reactions in the Li/KL system. It should 
be noted that the CV results (Fig. 4) are in good agreement with the galvanostatic discharge data (Fig. 3). 
Apparently, cathodic peak at 2 V is associated with interaction between Li+ ions and С=O groups (Eq. 1, while the 
peak at 1.4 V corresponds with hydroxyl groups (Eq. 2). The intensive peak at 0.7 V represents the participation of 
theС–O–C groups (Eq. 3) in the electrochemical reaction mechanism. The last cathodic peak at 0.1 V shows the 
reversible Li+ intercalation into a graphite layer applied on the copper current collector for better adhesion of 
cathode-active mass. The anode region of the CV curve shows the only peak located at 0.2 V due to the 
deintercalation of lithium ions from graphite. So the Eq.1 – Eq.3 are irreversible electrochemical processes. 
Thus, the overall specific capacity of the Li/KL cell at a current density of 25 mA g–1 attains 380 mAh g–1. The 
results demonstrate the possibility of using the lithium/lignin battery as a primary power source for low-rate long-
term applications. 
4. Conclusions 
To sum up, the prospects of Klason lignin extracted from the sunflower husks as a resource-economy cathode 
material for lithium batteries has been presented for the first time. The maximum specific capacity of the Li/KL 
battery up to 380 mAh g–1 was attained in practical terms. The mechanism of electrochemical reactions in the 
lithium/lignin cell has been discussed. The results have shown good prospects of the use of the Li/KL batteries as 
long-term low-rate power sources. 
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